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Abstract: In this study, 32 samples of high-temperature Daqu at different fermentation periods were collected as research objects. 16S
rRNA sequencing technology was used to analyze the bacterial community diversity during the high-temperature Daqu fermentation process,
and the bacterial gene function was predicted by PICRUSt software. The results showed that the bacterial richness and community structure of
high-temperature Daqu at different fermentation periods were significantly different (P<0.05). With the progress of fermentation, the bacterial
richness showed a trend of first increasing and then decreasing, and reached the highest at the first-turned Daqu. A total of 3 dominant bacterial

phyla and 10 dominant bacterial genera were detected during the high-temperature Daqu fermentation process, and there was obvious
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community succession in the samples at different fermentation stages. At the same time, a total of 10 core OTUs were detected from all samples,
mainly belonging to Saccharopolyspora, Thermoactinomyces, Bacillus, Kroppenstedtia and Lentibacillus, with cumulative average relative
abundance of 52.62%. There were significant differences in bacterial microbial networks of high-temperature Daqu between different
fermentation periods. Among them, the community structure of the first-turned Daqu samples was more complex and had more connectivity,
and Scopulibacillus and Bacillus were the key bacteria to maintain the stability of the microbial community structure during the
high-temperature Daqu fermentation process. Metabolism was an important functional pathway in the high-temperature Daqu fermentation
process, including energy production and transformation, as well as the transport and metabolism of biological macromolecules such as amino
acids, carbohydrates and lipids. This study strengthens people ‘s understanding of the succession of bacterial communities during the
high-temperature Daqu fermentation process, and provides a useful reference for the optimization of Daqu making process and the improvement
of product quality in related enterprises.

Keywords: different fermentation periods; high-temperature Daqu; bacterial community; Co-occurrence network; gene function
prediction
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Fig.1 Analysis of a diversity (A and B) and g diversity (C and D) of bacteria community of high-temperature Daqu at different

fermentation periods
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Fig.2 Analysis of dominant bacterial phylum (A) and genus (B) of high-temperature Daqu at different fermentation periods

EH ] 2A T, AN 32 473 AN [F) 5 PR 3 st O AR oty A 380 3 /MG BA T T, 29 ) 9 JEEBE B 1] (Firmiicutes )
BT (Actinobacteria) FI1A8JE %] (Proteobacteria). 7t Firmicutes AN [A) & Bt i mnis e th a1 = 248
AT, “FHIRRS BN 78.08%~98.97%; Actinobacteria Jy—Ei . —VBH b AnR i 5 R R H LA 1Y
PRAGHER T, PN S BN 12.23%. 19.87%711 8.51%; Proteobacteria S &H A fariim K S A R 3440
W11, PR S A 1.42%. B 2B W], M\ 32 A5 AS R A ey B i R IR i RS 21 10 MR AR &
RN R (Weissella) . iR # )@ (Thermoactinomyces). 7 & #2558 (Kroppenstedtia). f{f
FEJE (Bacillus). ¥ A& (Saccharopolyspora). 184 % 74T & (Lentibacillus). FEREEJE (Pediococcus)-
HiZI BRI S (Staphylococcus) &4 A 14T J& (Scopulibacillus) FeEA-FFT & (Companilactobacillus). H:Hr,
Weissella A 5 BB sl oK b F 2R A8, P& &4 83.13%; Thermoactinomyces. Bacillus.
Kroppenstedtia. Saccharopolyspora 1 Weissella >y— it il ok o = Z A M w R, PR & 2K 008
25.35%. 20.05%. 15.28%. 11.26%7#l1 11.07%; Thermoactinomyces. Saccharopolyspora. Bacillus 11 Kroppenstedtia
N O i v R OK R R A AN R, PR S AR I 33.30%. 19.27%. 15.04%F1 14.02%:;
Kroppenstedtia. Lentibacillus. Thermoactinomyces. Bacillus £ Staphylococcus Sy i H 5 Fisf v ik i =5 A1 34
YR, TS ERUCN 27.09%. 18.76%. 12.48%. 11.81%F1 10.50%. HIMtAIZ%, N[ A EET 3w kil
NP S AR A E 22 5, HEARONI B BEEE .

N T T RO R RS R A SRR, AW SO AR R BN SR OTU kAT 1 or#r, JF
BFTE R P IFAER OTU & SUNIZC OTU, &5 54k 3 Fiok.

g 8 &

%

(A) . % v . (B)

% s w Total

Lentibacillus ~ OTU9629
1000
0OTU151

Kroppenstedtia OTU7999

0TU4626

3]
=]
=]

QOTU1704
Bacillus

Intersection size

OTU13854

QOTU1060

QOTU8704 12.39%

253
0 o g
110
e .
- Thermoactinomyces
|l . I 0TU10526 3.63%
I D16 I . I { Saccharopolyspora  OTU10278 9.08%
I D4 . T T T T T T
o I 0 10 20 30 40 50
] .
PR (%)

3000 2000 _IUOU 0
Set size

& 3 FEIAEAATHASIR AR OTU 28R (A) Fn#%il> OTU (B) 43#h
Fig.3 Analysis of OTU composition (A) and core OTU (B) of high-temperature Daqu at different fermentation periods
P 3A A, AHECT NG5 B i R i, — Vi i . i AR i s e oK e OTU 2 H B E w2
HE=AmiR R # A 40 OTU £0H 9 1195 4>, 15 OTU B30 H ¥ 20.84%, 3zt T DU/ MHIT s i K S A

5



MR ERmEE Modern Food Science and Technology 2026, \ol.42, No.2
(1) OTU % H (638 1), IXFIHMBIER AR B RMEMN EE @t —. 1o, ANEBTE — kB,
TR AR B iR O R PR 4H R OTU #HARIKy 318 4>, 140 > 193 AMAI1 253 4>, 7303l OTU
SHEH ) 5.54%. 2.44%. 3.37%%1 4.11%, XFRHIN B3I BOHR il 55 i sl oK A 4R R RO 8
T — R ER I ST i R PR T A R S D o HEDU R RI PTREAS s A5 M B s oK il 3 Kk
IO 5 FRR 8 DL e BB O AR ), B DS P R R O T v DA S IR B R BRI, Kb (K R %
AT R TR (R A =D, o B SRR SR A A K R, T ANIE R L
AP P ] BeE LR RS 4 F R e NARBRIAEL 28 5 2008, 2 JE B b o IR FE I PR (e &), K
M R BT T RIAZS i (PRl 55), 8 i AR B P ] Re B R AT et — 0 AR KT, XA 36
B A i -

FPE 3A ZRAT N, M 32 i K il I 2] 10 M0 OTU. JEFAEE JE AP Z .0 OTU HHT T8,
iR 3B fias. Hidr, OTU10278 3£ J&T Saccharopolyspora (9.08%), OTU10526 #ll OTU8704 /& T
Thermoactinomyces (16.02%), OTU1060. OTU13854 A1 OTU1704 £ J& T Bacillus (10.05%), OTU4626. OTU7999
A1 OTU151 & T Kroppenstedtia (10.36%), OTU9629 5£J&T- Lentibacillus (7.11%), #%.C» OTU [ RFLFIAEXT
E 8N 52.62%. A%, Saccharopolyspora. Thermoactinomyces. Bacillus. Kroppenstedtia 1 Lentibacillus +2 /5
TR R BES AR AZ QAR R, AN R R A i oK it A R B D4R B S

SR R oy M a5 SR AT R0, AN AT ST 8 BH M X =il oK f 7 R B A T T A Thermoactinomyces. Bacillus.
Kroppenstedtia FlI Saccharopolyspora N E4NEE R CFIIMHNT & ERT 10%) MMEDREEEEM, X 5arimih
KA B FEHRIE LS T, AHSZ BN 2RI R BRI AE P RIS, AN R R e o HH A e et o A B
YRR SRR TSRO, fltn, e A A TR T, B B RS i RS ST
AP ) R B A P v 2E RS R B B IS S, (HITE L T LA Kroppenstedtia.  Saccharopolyspora.
Bacillus il Weissella >4 % i & (4R B LTS 5 M0, 18 A 34 i o i i B 2 b, SLFF I8 (Lactobacillus, 33.0%)
1E RIS XL #HA7, Bacillus. Saccharopolyspora. Thermoactinomyces. 2k & (Actinomycetales)
TERIRLE B it SRR RE Biik 96.8%, Bacillus (76.8%) S iatith b AR 34 8 2 — %), 76 ZEBHHL X AN [
R R T AL, MWAR. EER|BEER K, Bacillus FHXT & SR HIFAK, 1 Lentibacillus A% ik
Wb, (AR, Thermoactinomyces. Bacillus FI Kroppenstedtia 338 J& T-2E /14T H (Bacillales), ]
DB RCET H B A TRBR A Y, X T Bt S Esmim R xS s SR E R 2 —.

Thermoactinomyces ! Kroppenstedtia (1) i& 4 K T FEITE 45~55 C, 7@ B iR s 4 N HA it
R B PRS2 4 s R 5 2B K BB e sk (b SIS, H Thermoactinomyces Al R /E %
T SRR 2, A BT REEER e AL R, Kroppenstedtia 2 3% 75 71 [ B RRGE i FE b IS TR AL 0 6 7k
(RIThREm A, 2Rl b AT E RN i . Bacillus Fi1 Saccharopolyspora J& /N s = & 1 i g 2,
H Bacillus & FE &K B AR i B BN AME 82—, BAT A= E R PR ARG 22 FhoK i i1
IXEEREE O] DRI SR S BVERs B ER SR YUK N T, A B TR A IR R e oo gk
FFAIAEI R IR 78 0 R, 345 T S A RUSR A M A vk i 391, Saccharopolyspora 2 [R5 A
PR KRR I R R —, BAT RS AT oM B KR & . o ohae™, ix 2
b = BB 7 AR (G R AE SR N BRI RER S I EATE I, mT DU SRR M HERR DA R BRIG I AR PR it 72
SRR TP, R, A R P R e 2 SR T LA TR SR T e R AR, A
FIT-HT R R FH 20 A et 1 o 2

23 BBkt R o A A 2 I I 4 A

T2 1) 52 28 R ELAVE R 96 R E X TR AR PR T DA BRI AR (R b R i e ) ik
PIEIURLII SIHT N SRR MU E SR B0 7 — DT LR 4G, A B T bl R A e A i A )

ZRIRT BRI RE D RS A o AHIT TE 571346 HH il K A o P20 AR 25 K 0.019% H I BBOR T FEAR 1/5 (1 OTU
HHT T Spearman AHSC REMILIUE T (Jr1>0.50, P<0.05), 7 siffIK/NSERIIAEIELL (FHIMED, =7 A5
KRR EAT S HA s SRS, MRPEAER OTU IERAERSE TR —4i)E, 48Rk 4 s,




MK EEBHE Modern Food Science and Technology 2026, Vol.42, No.2

o @
dowmew 2l
2= 2 2z i
-~ | - — H H : :
glg %1 ® i w O RN Bt
- H H e :.. |
@ o W @ i i o HHAX
§ e § o ' 0 = 2|
s ® O = S
® | i & § o4 e SEAYE
i -1 -1 4
=11+ H
H . -« e | ? i-u'ml'iu
- : 21¢ i ik ! :
oo 025 050 075 100 0 025 0S50 075 100 000 925 050 075 100 * 000 035 050 07% 100
B EESE (Pi) iR (T A (Pi) B EESE (Pi) B EESE (Pi)

B 4 T[E&EREASRAMMEMEDILINEMLEE (A, B, CFAD) FAZi-Pi B (E. F. GFIH) 534F
Fig.4 Analysis of bacterial co-occurrence network (A, B, C and D) and Zi-Pi diagram (E, F, G and H) of high-temperature Daqu at
different fermentation periods

Z: (A) F= (E) REANFNE; (B) F= (F) REA—KkE; (C) A= (G) REA=k&aw; (D) = (H) REIFEE 5.

&l 4 T, AN R RN S vt K 2 ) AR A A D A AE B 22 . O 1 A AR SR IR 2% IR A s
Ky, AR T RN IV B B AN S, BAERRIMER . AL 1AL PR, PR K
[E. Mg ER. B EAFERERT. R 1R, ABEBBG — Ol BRI s 5 i il o
T AE I X 28 O BEER AL FE 304510 0.779. 0.376. 0.883 A1 0.778, FREAKR T — Uk, e =ANmf iR
K H AR P A 25 25 B s R Sk Sk ORI 45>0.4) . b, ANBRBe. — Uit — @i And h
HH D B B TR B AT R A R 28 3 51 R 164 358, 330 A1 359 AN LA & 253, 5091, 923 Fil 2 740 451040 %, IE
ML E 5 EL A 54 90.12%. 72.93%. 97.29%F1 90.04%, ¥ AT HAHICIL%L, F WA AR ST K il b 4
A IR ER TR T R E I RIDC R e ISR CEIFTAT S P IEE080. AP AR KB (RIS 1Y A
ZIEFEBS S IED AT LA R i 255 o &1 p T AH LR RN SRR AR LAy SR, IR, ~PRAiRAR
KREERN, AL BARRERE RS . — I it I el K B 4R BRI 2% (R~ R R (28.441), ~FIEEAR K
B/ (3509),  H— B I vEril K b 20 PSR 0 4 2 TR) BAT 2 BT RORIIL, TRV B B AE — R T v il ok
AR I A AR T 2 IR AN ARG R BT AT, — I I i R M 40 B T A E e S M ey HodE i
PEEGF, S Bk At — ORI I vl Kl BT s A R = BE 2 R, RO B R R S
YRR AR M BAHREER, X 52 ATRORTFEE RARL,  BIEEIE o 25 52 2% AT R 1 P 084 e 48 5 A=)
Bl (AISREEBAGE S S SRR RE P,

R 1 TEREEFTHASIR AR L E AR 25
Table 1 Topological parameters of co-occurrence network diagram of high-temperature Daqu at different fermentation periods
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Fig.5 Predictive analysis of bacterial sequence gene function of high-temperature Daqu at different fermentation periods

E: (A) mied e (B): B&AMELAIE; (C): FHEMHE (D) b,

M 5 AL, i KR R AN R D) Rl R AR R, AN R AE 5 1) R AR AR S
15.45%~17.11%, 15 B A7k 5 A0 B R B EIA & 80 19.96%~22.69%, HT IR ACHH) AT B A0 &
37.55%~39.75%, XTI A KRR (B ) AIm RS o XA R R R I 4 B RV )
RETTEI AT AL, ARECT e s 30, B sl Byl K i S AR A R T RS R A = R B iy, AR — IR
RN I R i B SR AR AR S B o 39.51% 1 39.75%,  H A EELARRIRAE P AN AL DL SRR . K
WED. NEFREEAEYR > FIEACy 3, R i Bos iR s QIS s BV A . B rTRL,  miik
il A S RE T A AR SN T ARG, BRI EHAT SR A R AN B RO B K T
HLAEE B B B A UHE Sl B o 3R 7 Ar s SR B i B R A 9 R R R AL 1 325 B SOV A,
SRS BRI AR G A R ST E HURR . RIS, AN — L R MERRAS, KA T R 78 43 1 AN
8



MK EEBHE Modern Food Science and Technology 2026, Vol.42, No.2

R B DR ot B ) 3, RN 5 DR ] - S5 A R vl DK o v v o AR 1 1) 4 B A= A = 5 vy L LR PR 152
AT SR R R R A R % r o AN RIS R TR, AR e R AR T TR A IR
SIS, EMZ A AR g TP S RURARE . 3SR ES . X AR AN R R A S g i i
D Re PG AN, S B0 IR R B R BB A SR D REE DR I L 5 3= 2240 B B SR IBA KB Bl B
332

3 g

R A 2 PRI IRV S5 A E il oK il R B AR i A B BB B, TR T LA Thermoactinomyces.
Bacillus. Kroppenstedtia i Saccharopolyspora A== 4% J& LA & Scopulibacillus 1 Bacillus 242 B4 14 J& 1 i 4G
F, SReIEA R DL R B . BRI E S RRIRSEAEY) R s AR D D R R il oK il R e it
TR A RERINFIEGE ST, HAEBIMMEY B RER m . AN 78 il oK i R e ek R 4 B i A DA R v 2 S LB A
DHREFISRAL 7 ERAcHE, Ak dh T2 R = s R st T A s % . ok, Tz ass
SIG ST DA — PR 9T 3 B 1R & B4 o JR AR B . BRSO 3R S A E S I R R v () S Br A =R H
DABE e SR = MLk — 0 R R

Bt I bk

(A T 2k BB, A AN R el R b TR O LR S R P 22 eI Rt R[] 8 i 5 A% 100, 2025,51(11):376-384.

[2] SHI W, CHAI J, ZHAO H, et al. Deciphering the effects of different types of high-temperature Daqu on the fermentation process and
flavor profiles of sauce-flavor Baijiu [J]. Food Bioscience, 2024, 61: 104917.

[3] Pt it v Pl K B P S 0 R PR ) 326 5 12 S [D].5 P 5% 6 oK 27,2024,

[4] LIUY, LI H, LIUW, et al. Bioturbation analysis of microbial communities and flavor metabolism in a high-yielding cellulase Bacillus
subtilis biofortified Daqu [J]. Food Chemistry: X, 2024, 22: 101382.

[5]1 JINY,LID, Al M, et al. Correlation between volatile profiles and microbial communities: A metabonomic approach to study Jiang-flavor
liquor Daqu [J]. Food Research International, 2019, 121: 422-432.

[6] XERT¥S, BEAS, KRR, S B O m IR Rl 7 [F 245 A B o 72 b iAo A2 W B i B XU 4K & 0 30 IR s AL 1 [3]. & R
%,2024,45(23):102-112.

[71 ZHANG C, AO Z, CHUI W, et al. Characterization of the aroma-active compounds in Daqu: a tradition Chinese liquor starter [J].
European Food Research and Technology, 2012, 234(1): 69-76.

[8] GUO Z, XIANG F, HOU Q, et al. Analysis of bacterial community structure and taste quality of different colored high-temperature Daqu
in the Xiangyang region, China [J]. LWT, 2023, 188(10): 115411.

[9] CAPORASO J G, KUCZYNSKI J, STOMBAUGH J, et al. QIIME allows analysis of high-throughput community sequencing data [J].
Nature Methods, 2010, 7(5): 335-336.

[10] WANG Y, CAI W, WANG W, et al. Analysis of microbial diversity and functional differences in different types of high-temperature Daqu
[J]. Food Science & Nutrition, 2021, 9(2): 1003-1016.

[11] CAI W, WANG Y, NI H, et al. Diversity of microbiota, microbial functions, and flavor in different types of low-temperature Daqu [J].
Food Research International, 2021, 150(12): 110734.

[12] XING D, WANG H, LI S, et al. Stable isotope labeling and functional gene prediction elucidate the carbon metabolism in fermentative
bacteria and microalgae coupling system [J]. Water research, 2024, 263: 122153.

[13]  #PH ki & KD, A AN TR AR TR K il P20 R R S5 A (10 22 S o [J]. it 55 AP Tk, 2023,49(13):70-77.

[14] ABMAS BT, 52, A5 B A il oK b A I I R P A DR A M )AL []. B i RsH2,2022,43(12):171-178.

[15] HU Y, DUNY, LI S, et al. Changes in microbial community during fermentation of high-temperature Daqu used in the production of
Chinese ‘Baiyunbian’ liquor [J]. Journal of the Institute of Brewing, 2017, 123(4): 594-599.

[16] GUO Z, XIANG F, HOU Q, et al. Analysis of bacterial community structure and taste quality of different colored high-temperature Daqu
in the Xiangyang region, China [J]. LWT-Food Science and Technology, 2023, 188: 115411.

[17] #PH 5Ky, T2, A A R A /N2 R sl R i R e E RV S8 S D BRIk EER 3] IRAX £ it RHE2,2024,40(7):72-80.



MK EEBHE Modern Food Science and Technology 2026, Vol.42, No.2

(18]

[19]
[20]

[21]

[22]

(23]

[24]

[25]
[26]

[27]

(28]

[29]

[30]

[31]
[32]

10

DENG L, MAO X, LIU D, et al. Comparative analysis of physicochemical properties and microbial composition in high-temperature
Daqu With different colors [J]. Frontiers in Microbiology, 2020, 11: 588117.

TR PGB XUFH A5 1 L PG 2 RIS K 20 PR RV 45 B 22 REERIE S [3]. 0 B it 2744, 2021, 21(5):323-3300.

ZHANG J, DU R, NIU J, et al. Daqu and environmental microbiota regulate fatty acid biosynthesis via driving the core microbiota in soy
sauce aroma type liquor fermentation [J]. International Journal of Food Microbiology, 2024, 408: 110423.

GUAN Z, ZHANG Z, CAQY, et al. Analysis and comparison of bacterial communities in two types of ‘wheat Qu’, the starter culture of
Shaoxing rice wine, using nested PCR-DGGE [J]. Journal of the Institute of Brewing, 2012, 118(1): 127-132.

ZHU Q, CHEN L, PENG Z, et al. Analysis of environmental driving factors on core functional community during Daqu fermentation [J].
Food Research International, 2022, 157: 111286.

WANG Y, ZHANG Z, KANG J, et al. Phages in different habitats and their ability to carry antibiotic resistance genes [J]. Journal of
Hazardous Materials, 2024, 469: 133941.

BANERJEE S, SCHLAEPPI K, VAN DER HEIJDEN M. Keystone taxa as drivers of microbiome structure and functioning [J]. Nature
Reviews Microbiology, 2018, 16: 567-576.

MOUGI A, KONDOH M. Diversity of Interaction types and ecological community stability [J]. Science, 2012, 337(6092): 349-351.
STEELE J, COUNTWAY P, XIAL, et al. Marine bacterial, archaeal and protistan association networks reveal ecological linkages [J]. The
ISME Journal, 2011, 5(9): 1414-1425.

PENG Q, ZHENG H, QUAN L, et al. Development of a flavor-oriented synthetic microbial community for pour-over rice wine: A
comprehensive microbial community analysis [J]. Food Microbiology, 2025, 126: 104677.

YAN Y, SUN R, YANG D, et al. Comprehensive analysis of the metabolism of core microorganisms in polyphenolic compound formation
during the acetic acid fermentation stage of millet vinegar [J]. Journal of the Science of Food and Agriculture, 2024, 11: 14026.

WENG Y, CHEN L, KUN J, et al. The unique aroma of ripened Pu-erh tea, Liupao tea and Tietban tea: Associated post-fermentation
condition and dominant microorganism with key aroma-active compound [J]. Food Chemistry, 2024, 464: 141788.

ZHU C, CHENG Y, SHI Q, et al. Metagenomic analyses reveal microbial communities and functional differences between Daqu from
seven provinces [J]. Food Research International, 2023, 172: 113076.

SRR TSR R TR P P AU BRI 2 R AT L DRI T RE T 43 A [3]. - [E] iR, 2021,40(5):59-64.

IR A, A T Y SRR TS AN 22 R 2 PICRUSE R ThBE TR M [J]. £ R 22,2023,44(14):116-124.



